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Cobrotoyln 


The  otatus  of  free  anino  oroupa  in  cobro  toxin  was  studied  by 
stepwico  Modification  with  trini trobenxene  aelfooate.  Lyo-27  was 
aalactivoly  modified  without  altering  the  activity  of  cobro toxin. 
However,  complete  lass  of  the  activity  was  observed  when  Lye- 27 
and  Lya-47  were  trini trophonylated ,  suggesting  that  the  £-aaino 
group  of  Lyo-47  is  essential  for  the  activity  of  cobro  toxin . 

The  e-amino  group  of  N-teroinal  leucine  hed  sot  eay  correlation 
with  activity  wax  deuonetratad  by  guanl  float  too  ef  the  lysine 
residues  with  O-aethyi isourea  followed  by  trial trepfeenylation  ef 
the  e-amino  group. 

The  carboxyl  groups  in  eobrotoxin  were  Modified  with  glycine 
■ethyl  as  tor  after  activation  with  water-aolable  earbodiiraide. 

Six  out  of  aoven  free  carboxyls  reacted  in  the  absence  -»f  guani- 
dino-IICl  without  altering  the  biological  activity.  Vhen  the 
redlining  carboxyl  was  nodi  fled  in  the  pro  asses  of  5  M  guanidlna- 
HC1 ,  ths  resulting  toxin  wss  devoid  of  activity.  This  "burled" 
carboxyl  is  ssssntisl  for  activity  and  was  identified  as  the 
y- carboxyl  group  of  Glu-ai. 


ABSTRACT 


Studies  on  The  Status  of  Free  Amino  jgj  Carboxvl  Groups  In 

Cobrotoxin 

The  two-dimensional  structure  of  cobrotoxin  bos  recently  been 
eetabliobed  and  pernita  a  study  of  atructure-activi ty  relation* 
ships..  Preceding  studies  on  the  cheeical  nedification  of  the 
single  tryptophan  and  two  tyro ay 1  residues  in  cobro toxin  suggested 
that  either  the  intact  tryptophan  residue  or  the  Tyr-25  is  essential 
for  full  activity  of  the  toxin. 

Cobro toxin  is  a  basic  protein  having  four  free  amine  groups, 
one  on  N- terminal  leucine  and  three  en  lyaine  residues  at  pod* 
tions  26,  27  and  47.  The  status  of  free  saino  groups  in  cobro* 
toxin  was  studied  by  stepwise  aodification  with  trinitrobensene 
sulfonate.  Lys-27  was  selectively  nedi fled  without  altering  the 
activity  of  cobrotoxin*  However,  coarplete  loss  of  the  activity 
was  observed  when  Lys-2?  and  Lya-47  were  trinitrophcnylated, 
suggesting  that  the  f-aaino  group  of  Lys-47  in  essential  for 
activity  of  cobro  toxin.  The  tf-ctaino  group  of  H-terminal  leucine 
had  not  any  correlation  with  activity  was  demenatrated  by  goani* 
dination  of  the  lysine  residues  with  O-methyliaouroa  followed  by 
tri ni tro phenyl ation  of  the  QC*acaino  group. 

Cobrotoxin  contains  seven  free  carboxyls,  four  on  glutamyl 
and  two  on  aspartyl  residues,  and  one  on  C- terminal  asparagine. 

The  carboxyl  groups  in  cobrotoxin  were  Modified  with  glycine 
methyl  ester  after  activation  with  water-soluble  enrbodiimide. 

Six  out  of  seven  freo  carboxyls  reacted  in  the  absence  of  guani- 
dine-HCl  without  altering  the  biological  activity.  When  the 
remaining  carboxyl  was  modified  in  the  preconco  of  J  M  guanidine* 
HC1,  the  resulting  toxin  was  devoid  of  activity.  This  "burled" 
carboxyl  is  essential  for  activity  and  was  identified  as  the 
carboxyl  group  of  Glu-21. 
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A«1  Tablo  I.  Cffoct  of  trinitrophonylation  on  lethal  Pag*  12 
toxicity  of  cobrotoxin. 

A- 2  Tablo  ZX.  Modification  of  ®(-r.r.ir.o  grot:'*  of  cobrotoxin.  1) 

A- 3  Tablo  III.  Amino  acid  composition  of  cobrotoxin  and  14 

carboxy-oodified  derivatives. 

A-4  Table  IV.  Modificriion  of  carboxyl  grottos  in  cobro toxin 

with  glycine  methyl  ester  after  activation  by  ooluble  13 

csrbodiimldo. 


••1  Pig.  1.  Absorption  spectra  of  cobrotoxin  and  fully  l6 

trinitrophonylatod  cobrotoxin.  Absorption  spectra  of 
cobro toxin  wore  measured  in  0.1  N  phosphate  buffer 
(pH  7.0)  and  l'HP-cobro  toxin  in  0.1  N  KC1 . 

B>3  Effect  of  pH  mi  tho  trial  trochenyl  at  ion  of  cobrotoxin.  17 
Trinitrophonylation  of  cobrotoxin  veto  carried  out  at  rooo 
toiaparatuio  <25°)  in  1-eta  quarts  npoctrophonoter  call. 

1  mg  of  cobrotoxin  vast  dissolved  in  3  ml  of  buffer  solution 
and  tho  reaction  ur.a  initiated  by  the  addition  of  10- 
fold  uoir.r  excess  of  1N3S.  At  suitable  intervals  of 
time,  the  optical  donoity  at  345  na  was  recorded. 
o-~-o,  4  %  HaHCO-  (pH  9.8);  A— —A,  0.1  M  borate  buffer 
(pH  8.6);  A— —A,  0.1  H  phospbate  buffer  (pH  7.5). 

B-3  Flo*  3.  Trinitrophonylation  of  froo  amino  groups  and  It 

decreeoe  of  lethal  .toxicity.  a  eg  of  cobrotoxin  waa 
diosolvod  in  1  ml  of  4  %  NaHCO^  (pH  8.5)  and  0.5  ml  of 
0.3  %  TKBS  in  HjO  was  added.  Reaction  was  allowed  to 
proceed  at  37° •  After  suitable  intavals  of  tine, 
aliquots  were  token  for  determination  of  lethality  and 
the  absorbancy  at  345  op. 

•«4  Pig.  4.  Structure  of  cobrotoxin.  Two-dimensional  19 

schematic  diagram  showing  tho  arrangement  of  tho 
dioulfido  bonds  and  the  sequence  of  tho  amino  acid 
real dues. 
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#*J  Fig,  5.  Folyaerylmaide  gol  eloc trophoretogran  of 
of  cobrotoxin,  TNP-cabrotoxin  and  cn  rbot3r-nodi.fi  ad 
derivatives.  Elactraphorooia  wco  carried  out  lit 
veronal  buffer  (pH  fl.G,  11*0,05'  nt  250  F  for  1<*  b 
at  4°.  Lye-37  TNP-C,  Lyo-37  trinitropbenylated 
cobro toxin  i  Lya-27  A  47  TtlP-C,  Lys-27  4  47  trini- 
trophcnylatod  cobrotoxin;  6-COOiI  C,  six  carbory- 
nodifled  cobro toxin;  7-COOH  C,  oovon  earboxy-nodified 
cobro toxin. 

■-6  Fig.  6*  Ioaaunodlf  fusion  in  agar  got.  Control  welli  31 

Anti-cobrotoxin  acre.  Surrounding  wellat  (1}  Cobretoziaj 
(a)  Lya-27  TNP-cobrotoxin;  (3)  Lye-3?  *  47  TNP-cobrotexia; 

(4)  Guanidinatad  cobro  toxin;  (5)  TNP- guanidine  ted 
cebro toxin. 

***7  Fig.  7,  Quantitative  precipitin  reaotieas  of  cebre toxin  2S 

and  its  THP-deri  vat  ires  with  anti-cobrotoxin  oora. 

0.4  nl  of  antisera  wore  used  in  each  com  of  the 
•Ulytli.  Cobro  toxin  ;■  A— 4,  Lya-27  *W« 

cobro  toxin ;  6"  0,  Lya-27  *  47  TNP-cobrotoxin. 

>-•  Fig.  6.  Quantitative  procipitin  reactions  of  cobro toxin ,  23 

gusnidinsted  cobrotoxin  and  TNP-guauidinstod  derivative 
with  anti-cobrotoxin  aora.  0.4  nl  of  antisera  wore 
used  in  each  cano  of  the  analyoio.  e— — a,  Cobrotoxin; 

A . "  A,  Guonidlnatod  cobrotoxin;  A*— »-d,  TMP-guani- 

dinatud  cobrotoxin. 

B-9  Fig.  9.  luaunodif fusion  in  aaar  gel.  Central  walls  24 

Anti-cobrotoxin  sera.  Surrounding  wellat  (i>  Cobra- 
toxin;  (2)  6ix-carboxy-n*odified  cobrotoxin;  (3)  Sevan- 
esrboxy-nodifiod  cobrotoxin;  (4)  0.13  H  ;i«Cl. 

9- iO  Fig.  10.  Quantitative  precipitin  reactioon  of  cobrotoxin  25 
and  the  car boxy-nodi fled  cobrotoxin  with  anti-cobrotoxin 
ears.  0.4  nl  of  the  antisera  were  uood  in  oach  cane  of 
the  analysis.  Cobrotoxin;  a- ---a,  Six  car  boxy- 

nodi  fled  cobrotoxin;  4  ■■■  ■ 1  A,  Coven  carbaxy-eodifiod 
cobrotoxin. 


Studies  on  Tho  Status  of  Free  Aalno  and  Carboxyl  Groups  in 
Cobro toxin 


I.  Introduction 

The  two-dimensional  structure  of  cobrotezin  has  recently  boon 
established  by  Yang  al  ai..  (l,2)  and  permits  a  study  of  structure- 
activity  relationships.  Prsrcsdiag  studies  (3,4)  on  tha  chemical 
modification  of  the  single  tryptophan  and  two  ty-esyl  rosiduoo  in 
cobrotozin  suggested  that  either  tho  intact  tryptophan  reoic'uo  or 
the  Tyr-25  is  essential  for  full  activity  of  the  toxin. 

Cobrotozin  ia  a  basic  protein  having  four  free  amino  groupa, 
one  on  N- terminal  leucine  and  three  on  lysine  residues  at  positions 
26,  27  and  47*  In  this  communication,  the  status  ef  free  anino 
groups  in  cobrotozin  was  studied  by  trinitrsphonylation  with  trini- 
trobensene  sulfonate  (TNBS).  The  reaction  was  reported  as 
specific  for  freo  primary  aaiao  groups  and  can  bo  followed  spec- 
trophotomotrically  (5-7) •  Cobrotozin  was  also  guanidinated  with 
O-aethyl isourea  followed  by  trinitrophonylation  to  elucidate  tho 
correlation  of  amino  group  with  tho  biological  activity  of  tha 
toxin. 


Cobrotozin  contains  soveu  free  carboxyl  groups,  four  »n 
glutamyl  and  two  on  aapertyl  rasitiuaa,  and  one  on  C-torminal 
asparagine.  In  order  to  esamine  the  importance  of  tho  froe 
carboxyls  for  toxicity,  the  carboxyl  groups  wore  modified  by  the 
water-soluble  carbodi imide-nucleo philo  procodurc  developed  by 
Ko  ah  land  Jr.  et_  gl .  (8,9) 

From  the  results  of  this  investigation,  tho  amino  and 
carboxyl  groups  which  are  eaaantial  for  tho  biological  functions 
•f  cobrotoxin  have  been-differentiated ,  and  the  positions  of  theso 
groups  in  the  sequence  of  anino  acid  havo  also  boon  established. 


II.  Materials  and  Methods 

Cobrotoxin  was  prepared  from  Taiwan  cobra  (MaJa  nala  at ra) 
venom  eta  previously  described  (10).  TNBS  was  prepared  from  a 
commercial  product  of  the  sodium  salt  (Tokyo  Kasei  Co.)  as 
followst  the  preparation  was  dissolved  in  1  N  HC1  to  make  5  % 
solution  and  the  intensely  orange-colored  solution  was  decolorissd 
by  passing  through  a  column  of  Norit-Ceiits  (3  *  3,  by  wt.). 

By  concentrating  the  filtrate  in  vacuo,  TNBS  was  obtained  as-  almost 
colorless  crystal.  C-TNP-lysina  was  synthesised  essentially 
according  to  the  method  of  Okuyana  and  Satake  (5) *  except  that 
instead  of  picryl  chloride  TNBS  was  used.  The  product  gave  a 
single  yellow  spot  (R^>0.4o)  on  descending  paper  chromatogram  in 
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iso-amyl  alcohol  i  n-butanol  t  ethanol  f  0.1  M  ptothalato  buffer, 
pH  6.0  (30  1  30  1  11  I  45,  by  vol.)  and  gave  a  positive ttinhydrin 
teat.  l-Ethyi-3-diaethylaninopropyl  csrbodilmldo-BCi  (IDC-HCl) 
was  contributed  fr^m  the  laboratory  of  0r>  bash  land,  University  of 
California.  The  u-glycine  methyl  ester-HCl  waa  prepared  froa 
glyclne-a-1(*C  (New  England  Nuclear)  by  esterification  in  HCl- 
aaturated  aethanol  and  diluted  with  unlabeled  glycine  methyl 
ester-HCl.  0-aothyl i sourea-HCl  was  purchased  froa  Nutritional 
Biocheaicals  Corp.  Trypsin  and  chyaotrypsia  were  the  products  of 
Worthington  Biecheaieal  Corp.  Reagent  grade  glycine  aethyl 
ester-HCl,  urea,  guanidinv-HCl  and  iedoacetic  acid  were  purchased 
froa  Nakarai  Cheaieals,  Ltd.  All  other  reagents  were  of  analy¬ 
tical  grado.  Urea  and  iodoacetic  acid  were  crystallized  before 
use. 


1  •  Trini trephenylatlon  of  cobrstoxln  with  ttfBS 

Trinitrophenylation  of  frea  aaino  groups  was  performed 
essentially  according  to  the  aethod  of  Habeeb  (ll).  Cobrotoxin 
solution  (2  mg/ml  of  4  %  NaHCO,,  pH  8.5)  in  a  series  of  tubes  were 
aixed  with  0.5  ml  of  0.3  %  TNBs  and  the  reaction  was  allowed  to 
proceed  at  37° •  After  varying  intervals  of  tine,  the  reaction 
was  stopped  by  the  addition  of  0.5  ml  of  0.4  M  HCl.  The  absor¬ 
bance  at  345  au  waa  aeasured  after  dilution  with  0.1  N  HCl  and 
the  number  of  amino  groups  trini trophenylated  was  calculated 
according  to  the  aethod  of  Habeeb  (ll). 

2.  Stopwise  Modification  of  aaino  group  with  TNBS 

In  order  to  differentiate  the  "essential"  aaino  group(a)  for 
biological  activity,  cobrotoxin  was  reacted  with  1.1  and  2. 2- fold 
aolar  excesa  of  TNBS,  respectively.  The  reaction  was  carried  out 
in  0.1  M  borate  buffer  (pH  8.6)  for  1  h  and  the  product  was 
chroma tographyed  on  a  column  of  DEAE-cellulose  by  stepwise  elution. 
The  main  protein  peak  waa  lyophilized  and  daaaitad  by  passage 
through  a  coluaei  of  Sephadex  G-25*  The  protein  fractions  wars 
than  pooled  and  lyephllizad. 

Par  determination  of  tho  position  of  ths  "080001101"  aaino 
group(a)  in  tho  sequence  ef  amino  acid  in  cobrotoxin,  tho  TNP- 
eobrotoxin  waa  reduced  and  S-carboxyaethylated  (RCM-j  under  the 
procedure  described  by  Crestfield  et  al .  (12)  followed  by  tryptic 
digestion.  The  RCM-TNP-cobrotoxin  was  dissolved  in  0.1  M  NH^HCOj 
buffer  (pH  8.0)  te  make  a  0.5  %  solution  and  trypsin  (50  t  l) 
was  added.  Digestion  was  carried  out  et  37°  for  4  h  and  the 
digest  was  lyophilized. 

TNP-peptide  from  the  tryptic  digest  was  separated  by  a 
combination  of  high  voltage  paper  electrophoresis  at  pH  3.6  with 
pyridins-aeatic  acid-water  (l  1  10  1  89,  by  vol.)  and  dsaeanding 
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paper  chromatography  with  n-butanol-eeetic  acid-water-pyridine 
(15  1  3  *12  <  10,  by  vol.)  aa  previously  described  (4).  TflP- 
paptida  was  detected  as  a  yallow-colorad  spot  on  the  paper  and  the 
isolated  peptide  was  proved  to  be  electropheretically  homogenous • 

3«  Guanldlnation  of  cobrotoxln  with  0-aathrl 1 souras 

the  guanidination  of  proteins  by  eaans  of  0-eethyli source 
generally  leads  to  selective  modification  of  the  t-amlno  groups 
in  lysine  residues,  while  the  reaction  does  not  affect  the  o<- amine 
group  (13).  In  order  to  elucidate  the  correlation  of  the  ot-emiae 
group  of  N- terminal  leucine  to  the  biological  activity,  cobrotoxln 
was  first  guanidinated  with  0-methyl isourea  followed  by  t.rinitro- 
phenylation  with  TNBS.  Guanidination  was  performed  essentially 
according  to  the  method  of  Chervenka  and  Wilcox  (13).  Cobro toxin 
(3  p  moles)  in  2  ml  of  0.3  H  0-methyl isourea-HCl  solution  waa 
adjusted  to  pH  10.8  with  6  N  NaOH  and  tha  reaction  was  proceaded 
at  4°  for  72  h.  Tha  mixture  was  then  passed  through  a  column  of 
Sephadex  G-25,  and  the  protein  fractions  were  pooled  and  lyophi- 
lized. 

4.  Modification  of  cnrboxyl  groups 

The  modification  of  carboxyl  groups  in  cobrotoxln  was 
performed  essentially  according  to  the  method  of  Hoare  and 
Koahland  (8). 

a.  Modification  with  EDC-HC1  and  glycine 
methyl  ester  (partially  carboxv  (6-COOH)-wodi fled  cobrotoxln): 
Cobrotoxln  (60  mg)  was  dissolved  in  3  ml  of  1.0  M  glycine  methyl 
ester-HCl .  Tha  pH  was  adjusted  to  4.75  and  ir.n.ied  iately  the 
reaction  initiated  by  the  addition  of  solid  EDC-HC1  to  a  concen¬ 
tration  of  0.2  M.  The  pH  was  maintained  et  4.75  by  the  addition 
of  1  N  HC1  and  the  reection  was  allowed  to  proceed  at  room 
temperature  for  3  h.  Excess  reagents  were  then  removed  by 
passage  through  a  column  of  Sephadex  G-25,  equilibrated  with  1  % 
acetic  acid,  and  the  protein  fraction  waa  lyophilized.  Aa  a 
raault  of  this  experiment,  six  out  of  seven  free  carboxyl  groups 
in  cobrotoxln  were  modified  in  the  absence  of  guanidine-HCl . 

The  resulting  6-C00H-modified  toxin  showed  a  single  band  on  disc 
electrophoresio  and  the  results  of  amino  acid  analysis  are  shown 
in  Table  III. 


b .  Modification  with  EDC-HC1  and  glycine 
methyl  ester  in  the  presence  of  3  M  guanidine-HCl  (completely 
carboxy  (7-C00H) -modified  cobrotoxin)t  Cobrotoxln  (10  wa/ml) and 
glycine  methyl  ester-HCl  (l.O  m)  wars  dissolved  in  5  M  guanidine- 
HCl  and  the  solution  adjusted  to  pH  4.75  and  reacted  with  solid 
EDC-HC1  as  described  above.  T’O  modified  toxin  was  homogeneous 
by  the  criteria  of  disc  electrophoresis  and  the  amino  acid 
composition  shown  in  Table  III. 


c .  Modi  ficati on  of  6-C00H-madifte<*  jpobrojorj jt 
with  EDC-liCl  and  l^c-nlyci no  tr ethyl  arter-l iCt  I n  fci m  prc srnca  of 
S  M  nuanidtne-HCl  i  G-CuOH-siodl f red  enhrotoxin  (53  ma/2  ul/  end 
"C- glycine  nothyl  ester-HCl  (  1  .O  M)  woru  dissolved  lit  5  K  gunni- 
din«-HC i  .  Th*  subsequent  procedures  vatu  ;tcii'oru-.d  p.a  described 
a boro. 


5 .  Pctcni'tyntlon  of  tha  uositlon  of  the  ^essential* 
c„rbivryl  .group  in  tho  sequancu  of  aging  acid  in 
i  cobra  toxin 

^C-latteled  cobro toxin  (30  mg)  was  reduced  and  S-cnrboxy- 
aethylaterf  under  the  procedure  described  by  Crest fi old  el  al .  (12) 
followed  by  tryptic  digestion  as  described  above.  Far  Isolation 
of  ll  .  C  -T-  P,eet  i  do w ,  the  digest  was  fractionated  by  high  volt  ago 
paper  electrophoresis  at  p!i  3,6  in  ? yridino-ecetic  ncid-water 
( 1  l  10  i  C9,  by  vol.)  on  a  strip  of  Toyo  fiaohi  So.  SO  at  35  r/ca 
for  90  uin.  ,  TSio  paper  was  then  cut  into  2-ca  strips  cud  tba 
radioactivity  was  measured  with  a  Aloha  aodel  P3C-4  gas  flow 
counter.  The  radioactive  fraction  was  eluted  with  t  %  acetic 
acid  end  further  purified  by  descending  paper  chromatography  with 
n-butanolnyritlina-r.eotic  ecid-water  ( 1 5  *  10  *  3  I  12,  by  vol.)* 
The  *’ ^C-T- pfepti du1*  olutad  wr.s  hydrolysed  with  S  M  HC1  at  105®  far 
24  h  and  subjected  to  ataino  acid  analysis.  Th*  asioo  acid 
coraooeition  chawed  that  the  peptide  was  derived  fro  a  residues 
Leu(l)  -  Lys(26)  of  cobrotoxln. 

Thu  t6-T-poptidow  (Ca.  3  ag)  obtained  froa  tryptic  digast 
was  dissolved  in  0.25  ml  of  0.2  M  NH^HCO-  buffer  (pH  8.l)  and 
0.05  ul  of  1  %  chyootrypsin  solution  in  the  ssae  buffer  wan  added* 
The  mixture  das  kept  at  37®  for  16  h  and  the  hydrolysate  wes 
worked  up  a  a  described  above.  The  "^C-C-peptido*  was  subjected 
to  b(';.mn  degradation  and  amine  acid  analysis. 

Amino  acid  analysis  was  porforaed  according  to  the  procedure 
of  Spacknnn  et  pi.  (l4)  with  a  Hitachi  model  KLA-3B  euteaatic 
amino  acid  analyzer.  Semples  were  hydrolyzed  with  6  N  HC1  at 
105°  for  24  hi.  The  sequence  of  amino  acid  residues  in  the 
isolated  peptides  was  determined  primarily  by  the  Bdaan  PTH 
procedure  as  previously  described  (l).  PTH-amino  acids  wore 
identified  by  thin  layer  chromatography. 

Polyacrylamide  gel  electrophoresis ,  itansurcuantn  of  lethal 
toxicity  end  immunological  procedures  performed  were  essentially 
the  seme  as  previously  described  (4). 
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III.  Results 


1.  Absorption  spoctrua  of  T»P- cobrotoxin 

*  A»  shown  in  Fig.  1,  tho  absorption'  spoctrua  of  fully  trial tre- 
phenylated  cobrotoxin  which  showed  s  ■sitw  near  345  w  sad  s 
fist  st  410-420  my  wss  practically  tho  sane  as  thsso  of  TUP- anise 
acids  and  TNP-peptides  reported  by  Okay  ana  and  Satake  ($)  end 
Satake  at  al .  (6)  The  solar  extinction  coefficient  (i)  of  tlf«  . 
cobrotozin  at  345  my  was  found  to  be  4*76  x  10^f  i.  e.f  1.19  x  10* 
per  sole  of  aaino  group.  This  value  is  very  dose  to  these  ef 
TNP- E-lysine  and  TNP-of-anino  group  ef  asine  acid  and  peptides 
(5,6).  The  result  indicates  that  four  equivalents  of  TSP-group 
were  introduced  into  the  cobrotozin  eelecule. 

2.  Trinitroohenrlfttion  of  cobrotozin 

As  ehown  in  Fig.  2,  the  reaction  velocity  of  trinitrophenyl- 
ation  of  cobrotozin  was  aarkedly  influenced  by  pH  of  the  reaction 
eixture.  The  reactien  proceeds  sore  rapidly  in  an  alkaline 
solution  and  conpl*tes  rapidly.  However,  at  near  neutral  pH  the 
reaction  proceeds  very  slowly. 

The  relation  between  the  extent  of  oodiflcntion  and  the 
lethal  toxicity  of  cobrotozin  is  shown  in  Fig.  3*  It  can  be 
seen  that  the  lethality  decreased  rapidly  as  trinitrophenylaties 
proceeds.  The  lethality  lost  alaost  cenpletely  whon  two  or  sere 
aaino  groups  were  aodified. 

3*  Status  of  aaino  arouse  in  cobretozin 

In  order  to  differentiate  the  "assent! al"  sains  group(s)  for 
activity  ef  cobrotoxin,  the  toxin  was  initially  allowed  to  react 
with  1. 1-fold  solar  excess  ef  THUS,  and  the  product  was  purified 
by  DKAS-cellulose  chroaatography  with  stepwiae  elution.  An 
electrophoretograa  of  the  tryptic  digest  of  ■CH-THP-cabre toxin 
reveeled  only  one  yellow-colored  spot.  The  spot  which  represents 
the  TNP-HHj  containing  peptide  was  eluted,  purified  by  descending 
paper  chroaatography  and  hydrolysed  for  aaino  acid  analysis  and 
paper  chroaatography.  Although  only  one  aaino  acid,  arginine, 
was  detected  in  emino  acid  analysis,  a  yel lew-colored  spot 
corresponding  to  a  synthetic  £-TNP-lysine  and  another  Sake gu chi 
test  positive  spot  were  detected  by  descending  paper  chroaatography 
in  the  solvent  systea  iso-aayl  alcehsl-n-butanel-ethanel-O.l  M 
phthalate  buffer,  pH  6.3  (30  <  30  t  11  t  45,  by  vol.).  The 
result  indicates  that  the  peptide  represents  the  sequence  ef  t- 
TNP-Lys-Arg  located  at  positions  27  and  28  of  cobrotozin  since 
these  two  aaino  acids  do  not  occur  together  elsewhere  in  the 
aolecule  (Fig.  4A)  .  This  finding  suggsstes  that  Lys-27  In 
cobrotoxin  is  moot  accessible  to  trinitrophenylation  with  TUN. 
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Cobrotoxin  was  further  allowed  to  react  with  2.2-fold  solar 
excess  of  TNBS  end  the  product  was  purified  aa  described  above • 

An  electrophoretograa  of  the  tryptic  digest  of  ftCM-TNP-cobrotoxin 
revealed  two  yollow-colorad  spots  which  represent  the  TNP-NHj 
containing  peptidao  wore  olntod,  purified  by  descending  paper 
chrooa tography  and  hydrolysed  for  aairto  acid  analysis  and  paper 
chromatography.  One  of  the  two  peptides  gave  the  sane  result  es 
abovo  which  raprasanto  the  sequence  of  t-TNP-Ly#-Arg  and  tha  athar 
peptide  gave  tha  following  amino  conpoeitiont  Arg^^,  CM-Cys^j, 

AsPg.g *  Thri,8»  s#ro.3»  G1u0.9»  Prot.a*  Ql73.i»  ^i.o* 

The  aairto  acid  composition  showed  thet  the  peptide  was  derived  fro* 
residues  01y(4o)  -  Arg(39)  of  cobrotoxin  (Pig.  4A)  f  indicating 
that  both  C-anino  groups  of  Lys-27  and  Lye-47  wore  trini trophenyl- 
ated  under  the  experimental  conditions- 

4.  ChtrR9 t*ri1At lot}m,ot,JrXI-?7  .TW-co^rptoxlfl  jgj 
Lyo-27  *  47  TNP-cobrotoxin 

As  shown  in  fig.  5,  both  TKP-cobro toxins  wars  revealed  aa  a 
single  band  on  polyacrylanido  goi  elcctropfcoretograa.  Lys-27 
THP-oobro toxin  nigratod  nor#  slowly  toward  eathod  than  cobrotoxin , 
and  Lys-27  A  47  TNP-cobrotoxin  nigratod  toward  the  opposite  aids. 

No  unraactad  cobrotoxin  was  found  in  either  TWf -derivatives, 
indicating  that  both  praparations  are  eleetropheretically  hoam- 
gcnouo. 

Ao  praaantad  in  Table  I,  complete  loss  of  lethality  was 
observed  when  both  t-anino  groups  of  Lye-27  and  Lya-47  wore 
trini trophenylated.  However,  tha  lethality  of  Lye-27  TNP-cobro¬ 
toxin  remained  unchanged,  suggesting  that  the  t-anino  group  of 
Lys-27  which  is  oost  accessible  to  trini trophonyl&tion  is  not 
essential  for  lethal  toxicity  of  tho  toxin. 

Aa  illustrated  in  fig.  6,  tha  Lys-27  TNP-cobrotoxin  gave  a 
precipitin  lino  of  identity  with  cobrotoxin,  while  Lys-27  t  47 
TNP-cobrotoxin  gave  none  at  all  on  1  mac  nodi  f fusion  in  agar  gel 
with  anti-cobrotoxin  sera. 

As  shown  in  Pig.  7,  Lye-27  TNP-cobrotoxin  gave  almost  tho 
same  max leal  precipitation  as  cobrotoxin  by  quantitative  precipitin 
reactions,  whilo  Lyo-27  A  4?  TtJ?-cobroioxin  gave  almost  no  preci¬ 
pitate.  This  indicates  that  the  t-asino  group  of  Lyo-4?  is 
sssential  for  the  biological  activity  of  cobrotoxin. 

5 •  Mortification  of  d-nnino  prouo 

Tha  result  af  guanidination  of  cobrotoxin  with  O-methyl ieoaree 
showed  that  essentially  all  thren  lysine  residues  were  converted 
to  honoarginino  (Table  IX).  Tho  <*■  anino  group  of  tho  terminal 
leucine  did  not  react.  The  guanidinated  cobrotoxin  which 
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retained  only  ono  free  o<-amino  group  was  further  trini trophanylatod 
with  TH33 ,  The  iothai  toxicity  of  the  guanidinated  cobretexin 
and  of  the  TNP-guanidinoted  derivative  resained  unchanged  (Table  IX), 
suggesting  that  the  «<-ataino  group  of  terminal  leucino  had  no 
correlation  with  the  lethal  toxicity  of  the  toxin. 

The  antigenic  activity  of  thasa  preparations  v/rs  also  studied 
with  anti-cobrotoxin  sera.  hither  yuanidi:;al;U  cobrotoxin  or  TW- 
gusnidinated  toxin  showed  almost  the  same  precipitin  lino  as  that 
of  cobrotoxin  on  immunodiffusion  in  agar  cal  (?ig.  6)  and  preci- 
pitates  by  quantitative  precipitin  reactions  (Fig.  G).  Tho 
results  Indicate  that  tho  tf-araino  group  of  cobrotoxin  is  not 
involved  in  the  biological  activity  of  the  toxin. 

6.  Characterization  of  carboxv-modi fled  cobrotoxin 

The  number  of  modified  carboxyl  group  is  determined  by 
analysis  for  incorporated  glycine.  The  results  of  amino  acid 
analysis  of  modified  derivatives  (Table  III)  showed  that  six  of 
tha  seven  carboxyl  groupa  were  modified,  while  the  remeining 
carboxyl  group  reacted  in  tha  presence  of  5  M  guanidina-HCl . 

This  indicats  that  one  of  the  seven  carboxyl  groups  in  cobrotoxin 
is  buried  in  the  molecule,  thus  becoming  unreactive  in  the  absence 
of  guanidina-HCl .  No  other  aaino  acid  residues  in  cobrotoxin 
were  modified. 

Since  much  deduction  of  the  negative  charge  of  carboxyl 
groupa  after  modification,  both  aodified  toxins  migrated  further 
toward  cathod  than  did  cobrotoxin  (Pig.  j)  and  revealed  electro- 
phoretically  as  a  single  band.  Mo  unreacted  cobrotoxin  wee 
found  in  either  modified  preparations,  indicating  that  complete 
modification  had  occurred  under  the  experimental  conditions. 

7«  Biological  activity  of  carboxr-modlfied  cobrotexim 

The  effect  of  chomical  modification  of  carboxyl  groupa  on 
lethal  toxicity  of  cobrotoxin  is  given  in  Table  IV.  The  toxin 
with  six  modified  carboxyls  showed  little  effect  on  tho  lethality, 
while  modification  of  all  seven  carboxyls  led  to  complete  loss  of 
lethality,  suggesting  that  one  cer'ooxyl  group  which  is  not 
accessible  to  modification  in  tha  abrenca  of  gunnidino-MCl  is 
essential  for  tha  toxicity  of  cobrotoxin. 

As  illustrated  in  Pig.  9»  the  si:;  carboxy-nodi fied  cobrotoxin 
gave  a  precipitin  line  of  identity  vi t  ■  ;  cobrotoxin,  while  the 
completely  carboxy-modified  pruparati  va  none  &t  all  as 

tested  on  immunodiffusion  in  nger  gel  :  anti-cobrotoxin  sera. 

A  slight  decrease  of  antigenic  activity  was  observed  on  six 
Carboxy-modified  cobrotoxin  as  measured  by  quantitative  precipitin 
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reaction*  (tig,  10).  However,  tha  cenplavoly  carboxy-sedi f 1*4 
preparation  gave  alsost  no  precipitate. 


8.  Identification  of  tho  "buried"  carboxrl  croup 
eaeential  for  the  biological  activity  of 
cobro toxin 


In  ardor  to  Identify  the  "buried"  carboxyl  group  which  ia 
eaaentlal  for  the  biological  activity  of  cobrotoxin,  the  " *AC-C- 
ceptide"  iaolated  by  the  procedure  described  in  Methods  wee 
eubjected  to  asino  acid  analysis  and  id can  degradation.  The 
"I^C-C-peptide"  gave  the  following  aiaino  acid  composition! 

CM-Cyeg.S*  **Pi.4,  ^l.o*  s«r0.7*  Glui,0»  th*  N~ 

terninal  aeino  acid  of  the  peptide  was  deterained  by  Id  man 
degradation  as  glycine.  The  resaining  peptide,  ofter  one  cycle 
ef  degradation,  was  subjected  to  asino  acid  analysis  sad  gave  the 
fallowing  coapeaitioni  CM-Cya^.  A*Pt.2«,  P>r1.0*  S*r1.0»  Glu1.0* 
Clyg, 3*  The  resulta  indicate  that  tha  "**C-C- peptide"  wst  shewn 

to  be  ths  peptide  of  reeiduee  Gly-l6  to  Asn-23  (fig.  4B) . 
Referring  te  these  results,  it  wee  evident  that  the  carboxyl 
group  in  buried  state  and  essential  far  the  bielegieal  activity 
ef  cobrotoxin  ia  the  p-carboxyl  group  of  Glu-21. 


IV •  Discussion 

There  ere  four  free  asino  groups  in  cobrotoxin.  All  four 
asino  groupe  could  bo  trlnitrophenylated  quantitatively  by 
reaction  with  TNBS  resulting  in  complete  loss  of  the  biological 
activity.  TWES  waa  shown  by  Habeeb  (ll)  to  be  a  specific 
reagant  for  determining  spectropho tometrically  the  number  of  free 
asino  groups  in  protaino.  The  procedure  provids  a  valuable  tool 
for  studying  the  effect  of  sodificetion  on  the  lethality  of 
cobrotoxin.  Couplets  loss  of  lethality  waa  obearvad  when  more 
then  two  amino  groups  wars  modified  indicating  that  of  the  four 
asino  groups  in  cobrotoxin  ona  or  eo^e  might  be  easontial  for  toxic 
action.  In  order  to  identify  the  "eaeential"  asino  group(s) 
atapwiaa  sodificetion  with  TNBS  was  carried  out.  Cobrotoxin  was 
reacted  first  with  1.1- fold  solar  excess  of  TNBS.  f-Aai.no  group 
of  Lys-27  use  tha  sost  accessible  to  trinitrophenylation  but  the 
biological  activity  unchanged,  suggesting  that  tha  Lya-27  is  not 
essential  for  the  activity  of  the  toxin.  However,  cosplate 
leaa  ef  biological  activity  was  observed  when  Lya-27  and  Lys-4? 
wars  sodified  with  2.2-fold  molar  oxccas  of  TNBS.  These  results 
indicate  that  tha  C-asiuo  group  of  Lys-47  Is  essential  for  tha 
full  activity  of  the  toxin. 

The  guanidination  of  cobrotoxin  rcculted  in  that  all  lysine 
residues  wsre  converted  to  hemoarginine  without  modification  of 


the  o(-a^ino  group.  The  reaction  revealed  no  effect  on  the 
biological  activity  of  cobrotoxin. 

The  above  results  indicate  that  the  effects  of  the  two 
specific  reagents  on  the  biochemical  and  biological  properties  of 
cobrotoxin  are  different.  Trinitrophenylation  of  cobrotoxin 
converts  the  positively  charged  amino  group  into  neutral  state 
while  guanidination  yields  a  substituted  group  that  naintains  the 
positive  charge.  Therefore,  it  is  concluded  that  the  positive 
charges  contributed  by  the  £-aolno  groups  of  lysine  residues  in 
cobrotoxin  may  play  important  roles  in  the  structural  features 
for  biochemical  functions  of  the  toxin. 

The  active  guanidinated  cobrotoxin  which  retains  ths  only 
frss  oc-amino  group  might  be  a  valuable  tool  for  determining  the 
iaportancs  of  the  o(-aaino  group  for  activity  of  the  toxin. 
Trinitrophenylation  of  the  guanidinated  cobrotoxin  with  TUBS  did 
not  alter  the  biological  activity,  indicating  that  the  o(- amine 
group  of  N-terminal  leucine  is  not  essential  for  the  activity  of 
cobrotoxin. 

There  are  seven  free  carboxyl  greups  in  cobrotoxin.  Among 
the  reagents  introduced  for  the  modification  of  carboxylic  acid 
side  chains  of  proteins  the  activation  by  cerbodiimide  end 
attachment  of  nucloophiles  (8,9)  appears  to  be  sufficiently 
specific.  The  number  of  modified  carboxyl  group  is  determined 
by  analysis  for  incorpora tad  glycine. 

In  native  cobrotoxin  six  of  the  seven  carboxyl  groups  wors 
modified,  while  the  remaining  on#  reacted  in  tho  prasonca  of  5  M 
guanidine-HCl .  The  six  carboxy-modi fied  toxin  showed  only  a 
little  loss  in  activity,  while  modification  of  ell  seven  carboxyls 
led  to  complete  loss  ef  toxicity.  In  order  to  identify  the 
"buried"  carboxyl  group,  cobrotoxin  was  treatsd  first  with  nan- 
radioactive  glycine  methyl  ester  in  the  absence  ef  guanidine-HCl , 
end  wee  then  incubated  with  ^C-glycine  methyl  ester  end  carbodi- 
imide  in  the  presence  of  J  K  guanidine-HCl  (lj).  The  modified 
toxin  containing  ^C-glycine  was  reduced  and  S-carboxymethylated. 

The  alkylated  protein  was  digested  with  trypsin  to  permit  chroma¬ 
tographic  isolation  of  a  1'C-labelod  peptide,  "**C-T-poptide". 

The  amino  acid  analysis  revealed  that  the  peptide  was  derived  from 
residues  L.eu-1  to  Lys-26.  Tho  "**C-T-poptldow  contains  two  free 
carboxyl  groups  in  Glu-2  and  Glu-21.  Thus,  to  determine  which 
free  carboxyl  group  existed  in  the  buried  state,  the  n,^C-T- 
peptide"  was  digested  with  chymotrypsin  and  e  radioactive  peptide 
was  separated  by  a  combination  of  high  voltage  paper  electrophoresis 
end  descending  paper  ehrouatography .  Tho  radioactive  peptide 
obtained  was  shown  to  bo  the  peptide  of  residues  Gly-l6  to  Asn-23. 
This  was  confirmed  by  determination  of  the  N- terminal  amino  acid 
residue  by  Edman  degradation. 


Accordingly ,  the  "buried"  carboxyl  group  la  cobra toxin  is  on 
Glu-21  in  tho  sequence  of  Gly-Cya-Ser-Gly-Giy-Giu(2t)-Thr-Asn,  and 
this  carboxyl  group  ia  aaaantial  for  tho  biological  activity  of 
cobro toxin. 


V  •  Conclusion 

Tho  status  of  froo  aaino  groups  in  cobro  toxin  was  studied  by 
stopwiao  aodifi cation  with  trinitrobonaano  aulfeoate.  Lye-27  was 
selectively  aodifiad  without  al taring  the  activity  of  cobrotoxin. 
However,  coopiate  loss  of  the  activity  was  observed  when  Lys-27 
and  Lys-47  were  trini trophenylatad ,  suggesting  that  tho  t -aaino 
group  of  Lys-4?  is  essantial  for  tho  activity  of  cobrotoxin. 

Tho  c<- aaino  group  of  N-terminal  loueine  had  not  any  correlation 
with  activity  was  demonstrated  by  guanidinatioa  of  tho  lysine 
residues  with  O-aethylisourea  followed  by  trinitrophanylation  of 
tha  «- aaino  group. 

The  carboxyl  groups  in  cobrotoxin  wore  aodifiad  with  glycine 
■ethyl  ester  after  activation  with  water-soluble  carbodiiaide. 

Six  out  of  seven  free  carboxyls  reacted  in  t!  4  absence  of  guani- 
dine-HCl  without  altering  tha  biological  activity.  Vhon  the 
remaining  carboxyl  was  aodifiad  in  the  presence  of  5  M  guanidine- 
HC1 ,  tha  resulting  toxin  was  devoid  of  activity.  This  "buried” 
carboxyl  is  essential  for  activity  and  was  identified  as  the 
J'-carboxyl  group  of  Glu-21. 
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appeudi;:  A- 1 


Tabic  I 

Effect  of  trinitrophonylatian  an  lethal 
toxicity  of  cobrotoxin 


Nuuber  of 
THP-HH2 

Lethality 

<*) 

Cobra toxin 

0 

too 

Eye- 2?  TNP-eobrotoxin* 

1 

100 

Eye- 27  *  47  THP-cobrefcexin** 

2 

0 

Trinitrophenylation  was  carried  out  in  0.1  M  borate  buffer 
(pi!  8.S)  with  1.1-fold*  and  2.2-fold**  aelar  excess  of 
TNPjS,  recpoctivcly ,  at  reou  teaperature  (25°)  for  1  l«. 

The  product  wna  purified  by  cbrenctooraphy  en  a  column  of 
DEAh-cel Ituopo  with  stepwise  elution. 


APPENDIX  A- 2 


Table  II 


Nodi fi  cation  of  o(-afcino  group  of  cobro toxin 


Amino 

acid  rosidues  found 

Lethality 

Leucine 

Lysine  Homoarginine 

(%> 

Cobro toxin 

1 

3  0 

100 

Guanidinated 

Cobro toxin 

0.81 

0  2.7 

100 

TNP-guanidinated 

Cobro toxin* 

0 

0  2.7 

100 

*  Trinitronhenylation  of  the  guanidinated  cobrotoxia  was  carried 
out  in  0.1  M  borate  buffer  (pH  8.6)  vith  10- fold  molar  excess 
of  TNBS. 
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APPBKDIX  A-3 


r«bio  i xx 

aadifluU  tterivativea 


Anino  acid 

Aopartic  ncid 
Threonine 
Serine 

Glutaaic  ocid 

ProXino 

Glycine 

Alanine 

Kaif-cyatine 

Valina 

Methionine 

Xaoleuclna 

l-oucine 

Tyroeine 

Phanylalaniao 

Lysine 

Hiatidina 

Arginine 

Tryptophan 


«aaiduaa  por  nolo  of  protein 
Hodl flc,d  derivative* 


Cobro toxin 


6 


8 

1 

mm 

2 

l 

a 


6 

i 


In  H„0 
(pH  4:75) 


8.0 
8,1 
4.1 
7. a 
1.3 
13.1 


7.9 

1.1 

2.0* 

0.99 

1.9 

3.9 

1.9 
6.0 
1.0 


All  value*  in  eodified  derivativea  .r. 
ration  baaed  on  ieoleuciaeea.O. 


In  5  K 
eeanidiaa. 
HC1 

8.3 
0.1 
4.0 

7.4 
1.9 

12j1 

8.0 
1.1 
• 

2.0 

0.94 

1.9 

2.9 

1.9 
6.0 
1.0 

«  aelar 
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APPENDIX  A-4 


Table  IV 

Modification  of  carboxyl  gnupt  in  cobrotosin  with 


glycine  aethyl  eater  tft«r 

utivatiM  by  soluble 

carbediialde 

Modified 

Lethality 

carboxyl  groups 

i%) 

Cobra  toxin 

0 

too 

In  Ma0  (pM  4.75> 

4 

75 

In  5  H  Quanidine-MCl 

7 

0 
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APPENDIX  3-1 


Fi«.  1*  AbsarptiM  iftetra  *t  MkrtUila  a*d  (ally  trial* 
traffcaayUtaA  cabroUxla. 

Abwrytiw  apcetr*  »<  eaknUzio  «m »r»  aMMni  la  0.1  N 
pMcphata  feaffar  (fit  ?.0>  aa4  m-MtawtwcU  im  0.1  *  HCl. 
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APPtMOXX  8-2 


ntctu  of  TUB*.  At  iQlt«U«  iaUrula  of  tin,  tbo  optical 

density  at  345  oj*  «a<  ifacordod.  . . .  •,  4  K  HaHCO.  (pH  9.1)  | 

. A,  0.1  N  borato  byffor  (pH  6.6)  1  X— — 0.1  M  phosphate 

buffer  (pH  7<5)« 


APYXKDIX  B-3 


TIMS  (ain) 


Fin-  3 •  Trinitrophenylation  of  froo  oat  no  groups  and 
docroaoo  of  iotbol  toxicity. 

3  «o  of  cobrotoxln  mu  dissolrod  in  1  ad  of  4  %  H«JRCO, 

CyH  8.3)  and  0.3  «1  of  0.3  %  TXSS  inJUO  «u  added. 
Reaction  was  allowed  to  procood  at  J7*.  After  suitable 
invr.vals  of  tisn,  aliquots  wars  takaa  for  determination  of 
lethality  and  tho  absorbancy  at  345  ayu 
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%  miDUA  TOXICITY 


APPSUDIX  B-4 


APPENDIX  13- 


$ 

1 

Cobrotaxiu 

ft 

1 

1  • 

Lya-27  TNP-C 

Lya-27  *  47  TNP-C 

; _ j.  i _ i _ 

1  1  i  1  1 

1 

1  , 

6- COOH  Mod  c 

7- COOH  Nod  C 

*  .*  i  i 

N 

CO 

1 

5  4  3  2  1 

t  i 

2  3  4  5 

Start 


Pin.  5.  Polyecrylonide  fl*l  alactrephoretegran  at  cobrotoxin, 
TNP-cobro toxin  and  carboxy-nedified  derivative*. 

ft 

"V  Blectropboresia  was  carried  oat  in  veronal  better  (pH  4.6, 

>IHD.05)  at  250  V  far  16  h  at  4°.  Lya-27  TNP-C,  Lys-27  trini- 
trophenylated  cebro toxin |  Lys-27  *  47  TMP-C,  Lys-27  I  47  trini- 
trophcnylatad  cobra  toxin;  6-COOH  C,six  carboxy-nedified  cebro  toxin; 
7-COOH  C,  aevan  earboxy-nodified  cobr* toxin. 
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Ai’piiKDi::  b-6 


rtf.  6.  iMUMdiffuiion  in  agar  gel . 

Central  wall <  An ti»cobro toxin  aara. 

Surrounding  vallat  (l)  Cobro toxin*  (2)  bra-27  t». 
cabratoxini  (3)  bye- 27  A  47  TNP-cobratexinj  (4)  Guaai- 
4inata4  cobra toxin*  (j)  TNP-guanidinatad  cobra taxin. 


APPEKDIX  B-8 


Pi®.  8.  Quantitative  precipitin  reactions  of  cobrotoxin, 
fluanidinatod  cobrotoxin  and  TNP-guanidinated  derivative 
with  anti -cobrotoxin  sera. 

0.4  ai  of  antisera  were  uaed  in  each  cano  of  tho  analysis. 
*  *  *  Cobrotoxin;  A- 1  A,  Guanidinntod  '.obro toxin} 

A” 1  ■  A,  TNP-guanidinatod  cobrotoxin. 
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APPENDIX  B-9 


fig .  9.  laanmodif  fusion  in  agar  Qel. 

Central  well*  Anti-cobrotoxin  sera* 

Surrounding  wells*  (l)  Cobrotoxinj  (a)  Six-enrboxy- 
nodifiod  cobrotoxinj  (9)  Seren-carboxy  — dified  cobra 
toxin |  (4)  0*1$  M  NaCl* 


APPENDIX  8-10 


2 

tt 

o  0.10 


Cobro toxin 


//"'V 


6-COOH  A 


7-COCH  Modified  C 
L - A - 


- A 


ANTIGEN 


Pig.  10.  Quantitative  precipitin  roactiona  of  cobrotoxii 
and  the  carboxy-eodified  cobro tor in  with  anti-cobrotoxin 


0.4  al  of  the  antisera  were. used  in  each  case  of  the 
analysis.  0  ■■■■  o,  Cobro toxin;  A  "■-"■A,  Sis  carboxy- 
aodified  cobrotoxinj  A  Seven  carboxy-aodif led  cobro- 
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